Great advances made using the STM are clearly evident in surface science for last few years, in both metal and semiconductor surface investigation^.^ It is generally believed in the STM that its resolution depends critically on the effective radius of the scanning tip (tip) and that the atomic resolution is realized only when a favorable situation close to the single atom emission is established on the tip surface.2 Realizing the importance of evaluating the tip geometry, we have been constructing several types of the STMs equipped with a field ion microscope (FIM), so-called "FI-STMs (field ion-scanning tunneling microscope). "3
With our new instruments, the atomic geometry of a tip can be monitored in-situ of the STM using the room-temperature FIM before and after the STM scanning of a specimen surface. The photograph of the new combined FI-STM is shown in Fig. 1 . For higher mechanical stability, the new FI-STM is designed to be as symmetric as possible with respect to the center of the mass of the entire system. The main UHV chamber is mounted vertically on a 1,200 l/s (12,000 l/s with Ti sublimation option) custom made ion pump. The background pressure is 6 x 10-l~ Torr now and improving continuously.
The STM set-up is suspended with three lm long springs from the top of the 2 m high UHV chamber. The FIM set-up is located in the left side of the chamber with one compact mechanical feedthrough for all needed manipulations. A LEED/AES system equipped with evaporators of several metal elements, an Ar sputter gun, and a heating device is located on the right side of the instrument. A small sample and tip exchange device is mounted below the LEED/AES chamber. Both tip and sample can be replaced in 20 min without breaking the UHV condition of Preparation of the specimen can be carried out by sputtering in Ar gas and/or annealing by joule heating in the LEED/AES section as well as in the STM section. Evaporation of some metal elements as well as gas exposure can be also performed in the LEED/AES port, although additional evaporators and gas dosers are located in the STM section for modification of either the specimen surface or STM tip.
The STM set-up is very similar to the one currently used by Demuth group.4 A specifically new design unique to our design, however, involves an important added capability of replacing a tip in-situ and adjusting the exact position of a stopper with respect to the cap of the STM tip.5 The scanning drives consist of the coarse mechanical approach for the specimen and fine piezo drive approach for the STM probe tip. The fine drive approach utilize two types of electro-mechanical drives: electrostriction and piezoelectricity devices.
The multilayer electro-striction drive has 12 r m vertical z-axis stroke with a resolution of 620 A V. The fine drive is 4 tripod-type piezoelectric device (2x4 mm cross section and 40 mm long). Using either drive of these fine motion piezo elements, 10,000 A (accuracy of 100 A/volt) linear motion is achieved in the x and y axises and 3000 A stroke is available for the z direction with 30 A/V resolution.
The entire UHV system is mounted on a high-performance air-suspended active vibration isolation system (Electro-Damp VIS by Showa Science Co. Inc.). This active operation reduces transmitted mechanical vibration drastically and eliminate any resonance vibration in the frequency range between 0.5 and 20 Hz. (We note that the vibration noise level of the location where the FI-STM i pla ed currently is very high: approximately 0.5 gal (gal = m/s4) in the x-y directions and 2 gal in the z direction, one to two orders of magnitude noisier than those under the normal experimental conditions.)
The FIM setup consists of a negative electrode with a 4 mm diameter aperture and 50 mm O.D. chevron channelplate-screen assembly (Kitano Seiki, Co., Inc. ) . They are mounted on a single station coupled with the specially designed external mechanical feedthrough. The FIM device can be brought over the STM tip and the center aperture of a negative electrode is positioned exactly above the tip, only after the sample is flipped upward completely. A helium or neon gas (loe5 Torr) is introduced to the system for FI imaging and a high electric field (several V/A) needed for field ionization of the gas is achieved by applying a negative high voltage up to -15 kV to the electrode. The voltage of the tip section is kept below 500 volt to protect the piezoelement and other parts of the STM device from damage due to accidental electrical discharge, although the tip is electrically isolated from the rest of the STM elements. Field evaporation is routinely used to remove the oxide layers and to shape the tip for a better resolution while observing the FI image of the tip surface at room temperature. Although the resolution of the FIM imaging at room temperature is not as good as that at cryogenic temperatures, it is still good enogh to inspect the atomic arrangement of a tip for the STM purpose (Fig. 2) .
Tungsten tips were used as STM tips for the UHV. As we reported earlier, our FIM study so far has indicated that the (111) yielded more stable FIM images over (110) and (100) planes. Pane
Artificial modification or manipulation of the STM tip, taking advantage of alloy tips, such as NiqMo, is under serious consideration currently.
Several examples of the STM images taken by our room-temperature FI-STMs are shown in Fig. 3 and Fig. 4 . Fig. 3 (a) and (b) are the STM topographs of the Si(ll1) 7x7 surface at the occupied and unoccupied states, respectively. Fig. 4 (a) and (b) are the STM topographs of the Si(100) clean 2x1 surface and Li r acted 1x8 surface. The detailed discussion will be given elsewhere. 8 
